Purpose of Review Interval cancers are defined as a cancer presenting in the interval following a negative screen. Interval cancers are important because they reduce confidence in the screening programme and have relatively worse prognostic features than screen-detected cancers. This review will look at the rates of interval cancers in the UK Breast screening programme and other population-based breast screening programmes in Europe. It will discuss the latest UK classification and look at factors affecting interval cancer rates. It will examine the pathological features of interval cancers and their mortality impact. It will also discuss the introduction of Duty of Candour and its relevance and impact in breast screening. Recent Findings It will report on the effect of newer technologies on interval cancer rates. Summary Interval cancers are not unexpected in population-based screening programmes. They are known to have relatively worse prognosis than screen-detected cancers and therefore the accurate monitoring of interval cancers is important both for quality improvement and education. The impact of newer technologies on interval cancer rates is currently limited as the studies are ongoing.
Introduction
An interval breast cancer is a cancer that is diagnosed in between screening episodes after a woman has received a "normal" result. They are important because they reduce confidence in the screening programme and have relatively worse prognostic features than screen-detected cancers.
This review will look at the rates of interval cancers in the UK Breast screening programme and other population-based breast screening programmes in Europe. It will discuss the latest UK classification and look at factors affecting interval cancer rates. It will examine the pathological features of interval cancers and their mortality impact.
It will also discuss the introduction of Duty of Candour and its relevance and impact in breast screening.
Definition, Classification and Standards
The majority of screening programmes specify an interval cancer as an invasive cancer but it is important to remember when comparing programmes that some programmes also include ductal carcinoma in situ (DCIS) [1] . In the UK, cases of DCIS are not included in the UK definition but will still undergo a review process.
Another problem with comparing rates between different programmes is the availability of up-to-date validated data. Certainly in the UK the most recent published national data refers to screening years 2006-2008 [2] , although data is available more readily at regional level.
In the UK, guidance produced by Public health England in 2017 states three reasons to report and monitor interval cancers [3•] 1. To monitor rates of interval cancers in conjunction with rates of screen-detected cancer to provide information on whole programme performance. 2. To support education and learning objectives for screening services and individuals. This helps improve the quality of the service provided to women. 3. So that women who have had an interval cancer can understand whether any abnormality was present on their previous films and if they wish to receive the information.
All of these are important. With regard to number 3, from the outset of the National Health Service Breast Screening Programme, women in the UK have always had the opportunity to discuss findings from review of their previous images with a clinician involved in their care, a process referred to as "Disclosure of Audit". More recently "Duty of Candour" has been introduced in the UK and this will be discussed more fully later in the review [4•].
The most recently available national data from the UK quotes the following statistics [2] . Tornberg et al. compared the interval cancer rates in six European countries with organised, population-based screening and found rates of interval breast cancers ranged from 8.4 to 21.3 per 10,000 screenings [5] .
The following classification system for radiological review of interval cancers has been used in the UK since 2017 [3•] 1. Satisfactory-Normal or benign mammographic features 2. Satisfactory with learning points-Seen with hindsight, difficult to perceive, not obviously malignant 3. Unsatisfactory-Appearance is obviously malignant This varies slightly from the previous classification where cat 3 was defined as-Appearance suspicious of malignancy [6] .
The majority of interval cancers fall into category 1 (approximately 77%), whilst category 2 accounts for approximately 16% and category 3 approximately 7% [2] . It is likely that with the updated classification system the percentage of category 3 interval cancers will decrease. This will therefore make it difficult to ascertain whether any decrease is due to true improvements in the screening programme or solely to the updated classification system.
The UK has quality standards for all aspects of the Breast Screening programme. The standards for interval cancer rates were updated in 2017 and are as follows: < 12 months-0.65/1000, 12 < 24 months-1.4/1000, 24 < 36 months-1.65/1000 (compared with < 24 months-1.2/ 1000, 24 < 36 months-1.4/1000 in previous standards) [7] .
The rates were increased to reflect the background incidence increase since 1995 and also split into three rates for each year to allow greater accuracy.
Factors Affecting Interval Cancer Rates
Rates are affected by ascertainment methods, screening round length, underlying background breast cancer incidence within a given population, and also risk factors. To achieve accurate data, robust systems need to be in place with good communication between cancer registries and both screening and symptomatic breast services. In a three yearly screening programme, the interval cancer rate goes up by approximately 75% in the third year which is why most countries in Europe have adopted two yearly programmes. In a three yearly screening programme, if round length is significantly less than 36 months, interval cancer rates would fall whilst the converse would be true if round length was significantly longer.
Risk factors for development of interval breast cancers are high breast density, age, current use of hormone replacement therapy, and family history of breast cancer [8] [9] [10] [11] . High breast density increases risk in two ways. It has a masking effect but also it is an independent risk factor for breast cancer.
In addition to these factors, it has also been shown that there is an association between the detection and treatment of high grade DCIS and subsequent prevention of invasive interval cancers. Duffy et al. obtained aggregate data for DCIS diagnoses for women aged 50-64 years who were invited to and attended mammographic breast screening from April 2003 to March 2007 (from the National Health Service Breast Screening Programme). Patient-level data for interval cancer arising in the 36 months after each of these were also analysed. The average frequency of DCIS detected at screening was 1.60 per 1000 women screened. There was a significant negative association of screen-detected DCIS cases with the rate of invasive interval cancers. Ninety percent of units had a DCIS detection frequency within the range of 1.00 to 2.22 per 1000 women; in these units, for every three screen-detected cases of DCIS, there was one fewer invasive interval cancer in the next 3 years [12] . The challenge for radiologists is to recall intermediate/high grade DCIS and not overcall cases of low grade DCIS.
Radiological Features
As discussed, earlier monitoring and surveillance of interval cancers is very important. In the UK, the NHSBSP makes recommendations regarding the review process. It states that a minimum of two reviewers should review the images, that the previous screening mammograms, with all prior images that were available at the time of screening, should be reviewed by the readers independently and that the diagnostic images should then be reviewed to confirm that any subtle or suspicious signs detected on the previous screening images match the site of the confirmed breast cancer on the diagnostic images [3•] . However, the exact method of review varies widely which may account for variation in reported interval cancer rates. The ideal review method would involve blinded review of cases interspersed with normal screening mammograms. In reality due to time and clinical commitments, many interval cancer reviews are informed which naturally introduces bias into the process with the reviewer more likely to classify a case as category 2 or 3 than if the process was blinded. The mammographic features most likely to be missed are asymmetric densities, ill-defined masses, subtle distortions, and calcification [13, 14] .
Pathological and Biological Features
In terms of detection, some tumours particularly lobular may have subtle mammographic appearances or even be occult. In addition, small high grade cancers may appear as well-defined masses and be misinterpreted as benign. Studies looking at the pathology, biology, and prognosis of interval cancers have consistently found that they have poorer prognostic features compared with screendetected cancers. Consistent findings are larger size, higher grade, and node positivity [1] .
There is also published work on biomarkers. Collett et al. found that a basal epithelial phenotype (express cytokeratin and P-cadherin) is more frequent in interval breast cancers compared with screen-detected tumours. Patients with interval cancers were more likely to be younger, have dense breasts, ER negative tumours, and p53 expression [15] . Data from other authors is mixed but the majority have found a higher proportion of triple negative tumours and over expression of HER 2 in interval cancers [16] [17] [18] [19] . Interestingly, Holm et al. compared biological markers in interval cancers in non-dense breasts (≤ 20% mammographic density) with interval cancers in dense breasts (> 40.9% mammographic density) and found that the cancers in the low density breasts were phenotypically more aggressive [10] .
Breast cancer-specific survival in interval cancer is worse than in screen-detected cancer. However, this difference may partly be explained by lead or length time bias, resulting in an artificial increase in survival time due to the early diagnosis in screen-detected cancer or the detection of slow-growing tumours [20] [21] [22] .
Effect of New Technologies on Interval Cancer Rates
There has been a transition from screen film mammography (SFM) to full field digital mammography (FFDM) in most screening programmes. Published data on the effect on interval cancer rates has mainly been at unit or regional level, showing mixed data but certainly no increase in interval cancer rates [23, 24] . Sankatsing et al. have recently published national data from the Dutch screening programme assessing the effect of the transition to FFDM. Data of 7.3 million screens in women aged 49-74, between 2004 and 2011, were linked to the Netherlands Cancer Registry to obtain data on interval cancers. They found that during the transition from SFM to FFDM, there was a significant rise in cancer detection rate and a stable interval cancer rate, leading to increased programme sensitivity. Although the recall rate increased, programme specificity remained high [25] . Hoff et al. looked at the mammographic features and found that in previous mammograms of cancers missed at FFDM there was a nonsignificant trend towards a higher % of asymmetric densities (27 vs 10%, P = 0.007) and a lower % of calcifications (18 vs 34%, P = 0.185) compared with those missed at SFM [24] .
The use of computer aided detection (CAD) has not been shown to reduce recall rates [26] . Digital breast tomosynthesis has been introduced in many countries with most large-scale studies demonstrating improved cancer detection rates. However, unless there is a corresponding reduction in interval cancer rates, the implication is that there will be little impact on mortality. It is still early days for results from the major studies but there have been several recent publications. Houssami et al. examined interval breast cancers ascertained at 2-year follow-up for women involved in the "Screening with tomosynthesis or standard mammography" (STORM) population-based trial. In the study group, the interval cancer rate was 1.23/1000 screens (95% CI 0.56 to 2.34). In concurrently screened women who attended the same screening services and received 2D-mammography, the interval cancer rate was 1.60/1000 screens (95% CI 1.14 to 2.17). They concluded that the interval breast cancer rate amongst screening participants in the STORM trial was marginally lower than estimates amongst 2D-screened women [27•]. Skaane et al. have also published interval cancer data from the results from the prospective population-based Oslo Tomosynthesis Screening Trial. They found that although there was an increase in cancer detection rate and increased specificity there was no change in interval cancer rates [28] .
Duty of Candour
Up until 2015, breast patients were offered results of interval cancer review according to "Disclosure of Audit" guidance [29] . This was a document produced by the NHSBSP and covered communication regarding interval cancers. It covered suggested methodology for the review process with advice on when and how to communicate in an open way whilst still minimising distress to both patients and professionals. This had to change following the introduction of Duty of Candour (DOC).
DOC is a Care Quality Commission (CQC) regulation (number 20) published in April 2015 in response to the Francis report (this was a report into incidents at a NHS hospital trust) [30, 31] . The key points about DOC are that NHS organisations must act in an open and transparent way when things go wrong, they must tell users as soon as practicable about notifiable safety incidents and results of investigations and that they must apologise. This applies to all aspects of NHS care. There is evidence that open communication reduces risk of litigation.
Within the act a "notifiable safety incident" means "any unintended or unexpected incident that occurred in respect of a service user during the provision of a regulated activity that, in the reasonable opinion of a health care professional, could result in, or appears to have resulted in-the death of the service user, where the death relates directly to the incident rather than to the natural course of the service user's illness or underlying condition, or severe harm, moderate harm or prolonged psychological harm to the service user" [30] . It became apparent very soon after the act was introduced that this would have a major potential impact on the breast screening programme, staff morale and recruitment as there was the perception by some NHS Hospitals that any interval breast cancer constituted a notifiable safety incident! Collaborative work between Public Health England, the CQC and screening representatives resulted in the publication of a new document, the aim of which was to advise on best practice in NHS Screening programmes to ensure compliance with DOC regulations [4•]. It explains that screening tests are not 100% accurate so will have false negatives and false positives and these should not automatically trigger DOC. It emphasises that interval cancers are not "unexpected" and that the screening information leaflet provided to all breast screening patients should inform that screening is not 100% accurate. The NHSBSP now also provides a leaflet to give to women at time of cancer diagnosis if they are in the screening age group informing her that a review of any previous screening mammograms will take place. It is imperative to remember that patient choice is very important and that she may not wish to know results of this review. This is her right and DOC respects that. Clinicians also need to remember that timing of disclosure is very important and we cannot apply "As soon as reasonably practicable" as it may not be in her best interest. The review involves examining both the process and imaging and if it is felt that there was either a process failure or that interpretation fell below an expected standard then DOC regulations should apply. As part of the collaborative work, it was also felt necessary to produce new guidance on interval cancers to ensure a clearer and more consistent approach. As stated earlier, this resulted in Category 3 changing from Unsatisfactory-Appearance suspicious of malignancy [6] to Unsatisfactory-Appearance is obviously malignant [3•] . It was felt that this made clearer the link between classification and what action is warranted. It is still too early to assess what impact this legislation will have on the breast screening programme but certainly the PHE publications make it easier to ensure consistency across different units.
Conclusions
Interval cancer rates within the context of breast screening are important metrics. Interval cancers are known to have relatively worse prognosis than screen-detected cancers and therefore the accurate monitoring of interval cancers is important. This is particularly the case when new imaging technologies are recommended to replace 2D digital mammography as a screening tool. Tomosynthesis has been shown to be a promising screening tool but the data regarding the impact on interval cancer rates is limited as many studies are still ongoing.
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